Abstract: Background: Nurses are typically required to address patient emergencies, and they experience high stress levels in their work, which may expose them to a higher risk of stroke. This cohort study compared the risk of stroke between nurses and the general population. Methods: We used the Taiwan National Health Insurance database to conduct our retrospective cohort study, and we identified 83,641 individuals in the nurse group and 334,564 individuals in the control group. For the nurse group and the control group, we used the chi-square test in addition to applying Student's t-test, in order to compare the distribution differences for the continuous variables. We estimated the hazard ratios (HRs) and 95% confidence intervals (CIs) for ischemic stroke and hemorrhagic stroke through univariate and multivariate Cox proportional-hazards regression models, with stratification according to age, sex, and comorbidity. Results: The nurse group had a lower risk of ischemic stroke and hemorrhagic stroke in the crude model (HR = 0.66, 95% CI = 0.58-0.75; HR = 0.58, 95% CI = 0.47-0.72). After adjusting the prevalent variables, the nurse group still had a lower risk of stroke (HR = 0.68, 95% CI = 0.60-0.77; HR = 0.59, 95% CI = 0.48-0.73). Conclusion: The risks of both stroke types were lower in the nurse group than in the control. For stroke prevention, more frequent physical examinations are needed in order to enhance the health and well-being of people, including the nurses.
Introduction
In general, nurses have to address patients' emergencies, and it has been reported that 50% have expressed concern regarding high occupational stress [1] [2] [3] [4] . The circadian rhythm and lifestyles of nurses' are disrupted by their rotational work shifts, and this disruption is a major risk factor to injure their health [5] . The National Health Insurance (NHI) program in Taiwan was implemented in 1995, and has covered 99% of the residents of Taiwan. This program plays an essential role in promoting the health of Taiwanese people. However, the favorable coverage provided by the NHI program has engendered an increase in medical needs, and thus imposed a higher workload on healthcare practitioners in Taiwan than those in other countries. For example, a nurse in Taiwan cares, on average, for 10 to 15 patients at a time. This is two to three times the number for every nurse in Europe, the United States, Australia, and Japan-and each nurse in Taiwan works for 10 to 12 h per day [6, 7] .
Long-term exposure to long working hours and high occupational stress expedites cellular senescence and increases the risk of early death [8] , and, in addition, this is also significantly correlated with the development of high blood pressure [7, [9] [10] [11] , stroke, and cardiovascular disease (CVD). A study demonstrated that a high workload and high occupational stress are major risk factors for stroke [12] . Overall, the nursing profession is highly stressful, and addressing patients' emergencies for a prolonged period is detrimental to health. These problems are not only prevalent in Taiwan, but are also observed among young nurses in the United States and European countries [13, 14] . Hence, numerous future nurses are hesitant to enter the workplace. This has led to the phenomenon of an aging workforce and late retirement among nursing personnel. Countries worldwide are facing the challenges of a lack of nurses, and have to compensate more for this. This exerts negative effects on the health care industry.
To the best of our knowledge, there were only a few studies investigating the correlation between the nursing profession and the risk of stroke development. Therefore, the purpose of the current study was to measure the risk of stroke among nurses and the general population (controls), using a population-based cohort. We hypothesized that nurses, who face high occupational stress and a high workload, are at a higher risk of stroke than the controls. The findings of this study can provide the implications needed to enhance the health of the nurses themselves, and of the personnel who work in the government health agencies. On the basis of the findings, more effective policies and more friendly working environments can be created in order to improve nurses' health condition, and these could enable them to provide more sustainable care for their patients.
Materials and Methods

Data Source
We used the database of the Taiwan NHI program to conduct our retrospective cohort study. The NHI program was implemented in March 1995 and provides coverage for up to 99% of the 23.74 million residents in Taiwan; its database contains information about these individuals. We determined the disease history of the individuals from the files of inpatients claims and from the Registry of Beneficiaries. All of the diagnoses and disease definitions in our study were specified by the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. The study was approved by the Research Ethics Committee of China Medical University and Hospital in Taiwan (CMUH104-REC2-115-CR2).
Identification of Nurses and Selection of Controls
For the nurse group, we obtained the data on the nurses from the Registry of Medical Personnel, which contains the records of all of the registered medical staff members actively employed in Taiwan since a year before 2000 or in 2000. All of the nurses with license registrations before or in the year 2000, who were actively employed as nurses by 31st December 2000 (index date) were enrolled. For the control group, we selected four nonmedical staff matches per nurse from the Longitudinal Health Insurance Database 2000, which contains all of the claims' data of 1 million (4.34% of the total population) beneficiaries who were randomly selected in 2000.
We matched the controls with nurses through frequency matching for age (every five-year span), sex, and comorbidities at the index date. The study period was the duration between the index date and the study endpoint, which was defined as the occurrence of ischemic of hemorrhagic stroke, withdrawal of health insurance, death, or the end of 2011. The individuals with a previous diagnosis of ischemic stroke (ICD-9-CM codes 433-438, A292, 293, 294, 299) or hemorrhagic stroke (ICD-9-CM codes 430-432, A290, 291) were excluded ( Figure 1 ). 
Identification of Ischemic Stroke and Hemorrhagic Stroke Cases
We followed the nurse and the control groups until the study endpoint (onset of ischemic or hemorrhagic stroke, fatal, or non-fatal), withdrawal of health insurance, death, or the end of 2011. The baseline comorbidity histories of hypertension (ICD-9-CM codes 401-405), diabetes (ICD-9-CM code 250), hyperlipidemia (ICD-9-CM code 272), coronary artery disease (CAD) (ICD-9-CM codes 410-414.02), CVD (ICD-9-CM codes 390-429), chronic kidney disease (CKD) (ICD-9-CM code 585), chronic obstructive pulmonary disease (COPD) (ICD-9-CM codes 491, 492, 496), heart failure (ICD-9-CM codes 428), obesity (ICD-9-CM codes 278.00, 278.01, 278.02, and 278.1), asthma (ICD-9-CM codes 493), and lung cancer (ICD-9-CM codes 140-208) were identified according to the patients' diagnoses in the inpatient claims data prior to the index date.
Statistical Analysis
We compared the demographic factors, including age, sex, and comorbidity, between the nurse group and the control group using a chi-square test, as well as the Student's t-test, to compare the distribution differences for the continuous variables.
We estimated the hazard ratios (HRs) and the 95% confidence intervals (CIs) for ischemic stroke and hemorrhagic stroke by using univariate and multivariate Cox proportional-hazards regression models, with stratifications based on age, sex, and comorbidity. We adjusted the variables of age, sex, and comorbidities in the multivariable models. SAS 9.4 for Windows (SAS Institute, Cary, NC, USA) was used for all of the analyses. The significance thresholds were considered at a two-sided p value of 0.05.
Results
In this matched cohort study, we identified 83,641 individuals in the nurse group and 334,564 individuals in the control group with similar distributions in age, sex, and comorbidities (Table 1) . During a median follow-up after 11 years, we observed a total of 1937 ischemic stroke events (285 in the nurses and 1652 in the controls). Table 2 presents the crude HRs (cHRs) and adjusted HRs (aHRs) of the risk factors for ischemic stroke. Older individuals and individuals with any of the comorbidities had a higher risk of ischemic stroke (p < 0.001 for all). Regardless of sex, we observed no significant difference in the risk of ischemic stroke between the groups.
During a follow-up, we observed a total of 753 hemorrhagic stroke events (99 in the nurses and 654 in the controls). Table 3 presents the cHRs and aHRs of the risk factors for hemorrhagic stroke. Older individuals and individuals with any of the comorbidities (except for COPD) had a higher risk of hemorrhagic stroke (p < 0.001 for all). Regardless of sex, we observed no significant difference in the risk of hemorrhagic stroke between the groups.
The incidence rates of ischemic stroke and hemorrhagic stroke for both groups were stratified by age, sex, and comorbidity (Table 4 ). The overall incidence density of ischemic stroke was significantly lower in the nurse group than in the control group (0.32 vs. 0.48 per 10,000 person-year, cHR = 0.66, 95% CI = 0.58-0.75), with the corresponding aHR being 0.68 (95% CI = 0.60-0.77). The nurses had a lower risk of ischemic stroke in all of the stratified groups, except for the groups of male individuals and individuals aged younger than 35 years (with or without model adjustment). The overall incidence density of hemorrhagic stroke was significantly lower in the nurse group than in the control group (0.11 vs. 0.19 per 10,000 person-year, cHR = 0.58, 95% CI = 0.47-0.72), with the corresponding aHR being 0.59 (95% CI = 0.48-0.73). The nurses had a lower risk of hemorrhagic stroke in all of the stratified groups, except for the groups of male individuals, individuals aged younger than 35 years, and patients with any of comorbidities (with or without model adjustment). CAD-coronary artery disease; CVD-cardiovascular disease; CKD-chronic kidney disease; COPD-chronic obstructive pulmonary disease; P-Y-person-years; IR-incidence rate per 1000 person-years; CI-confidence interval; HR-hazard ratio. † Mutually adjusted with age, sex, and comorbidities using the Cox proportional hazards regression model; * p < 0.05, ** p < 0.01, *** p < 0.001. CAD-coronary artery disease; CVD-cardiovascular disease; CKD-chronic kidney disease; COPD-chronic obstructive pulmonary disease; P-Y-person-years; IR-incidence rate per 1000 person-years; CI-confidence interval; HR-hazard ratio. † Mutually adjusted with age, sex, and comorbidities using the Cox proportional hazards regression model. * p < 0.05, ** p < 0.01, *** p < 0.001. P-Y-person-years; IR-incidence rate per 10,000 person-years; cHR, crude hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval. † Mutually adjusted with age, sex, and comorbidities. § Patients with any one of the comorbidities were classified as the comorbidity group. * p < 0.05, ** p < 0.01, *** p < 0.001.
Discussion
The high stress levels and long working hours that are associated with the nursing profession have been a long-term concern in Taiwan. This raises the question as to whether high stress levels increase the risk of stroke in people. However, after searching PubMed using key terms such as "nurses", "stroke", "risk", and "cerebrovascular disease", we could not find studies investigating the risk of stroke in nurses. This paper is thus the first to conduct a population-based cohort study with nurses as the main subjects. Specifically, we compared the risk of stroke between nurses and controls. Our finding indicates that the risk of stroke was lower in nurses than in the controls, which is consistent with the finding that physicians have a lower risk of stroke than controls [15] . Studies have reported that although health professionals face long working hours and high stress levels, their extensive medical knowledge and higher level of cooperation with treatment recommendations enables them to effectively manage high blood pressure and hyperlipidemia, thus preventing these chronic diseases from advancing to stroke. Another study compared the risk of diabetes between nurses and controls, and also found the risk to be lower in nurses. In this study, we found that the risks of both ischemic and hemorrhagic strokes were not significantly different between the nurse and control groups. In the age 35-50 and >50 groups, the risks of both stroke types are lower in the nurse cohorts. Although the older nurse subgroups had lower risks of both stroke types than their counterparts, the risks still increased with aging. This could be because the nurses receive medical education and training, and thus have knowledge regarding the prevention of chronic diseases [15, 16] ; they can apply such knowledge to adjust their lifestyles in order to prevent diseases and reduce the death rate from such diseases. Furthermore, studies have reported consistent results that the risk of chronic diseases was lower in health care professionals [15] [16] [17] [18] [19] . These findings show that extensive medical knowledge is beneficial to personal well-being and is helpful in disease prevention. Nevertheless, not all of the studies have revealed a lower risk of diseases in health care professionals. For example, a study conducted in 2015 suggested that the risk of migraine was higher in nurses than in controls, and that the risk was highest among health care professionals [20] . The higher risk of migraine among nurses could primarily be attributed to the need to address patient emergencies, heavy workload, high stress levels, and sleep dysfunctions caused by rotating shifts [20] . Studies related to the epidemiology of peptic ulcer disease have also reported a higher risk of this disease in nurses than in controls [21] . The inconsistencies between the findings of these studies and those of the present study could be because nurses work rotating shifts, experience high stress levels, and are the first-line personnel to address patients' complaints and health condition variations.
Overall, the reasons for the lower risk of stroke among nurses despite their long working hours and highly stressful work can be categorized into four categories. (1) Nurses receive medical education and have a higher rate of health-seeking behavior when they discover any anomalies in their bodies. They also commonly maintain healthy lifestyles, thereby promoting personal well-being and lowering the risk of stroke [15] [16] [17] 21] . (2) Nurses also enjoy convenient access to medical care in the event of disease incidence [22] [23] [24] . This enables them to receive immediate medical treatment and to achieve effective cooperation with continued treatment, preventing diseases that may lead to stroke [25] . (3) Smoking is prohibited in hospitals throughout Taiwan; therefore, the smoke-free working environment of the nurses could be another reason for their lower stroke risk [15] . (4) From a policy perspective, the "Regulations of the Labor Health Protection" implemented by the Taiwanese government requires a health examination every five years for personnel aged younger than 40 years. Public health institutions in Taiwan require health professionals to receive a follow-up X-ray each year in order to ensure optimal health protection, and many hospitals provide annual physical examinations for their medical staff members. Additionally, in the Taiwanese hospital accreditation system, a hospital staff health check is included as a bonus item for promoting health in hospitals. Many hospitals provide annual physical examinations for nurses and follow up on high risk factors for stroke, such as high blood pressure, hyperglycemia, hyperglycemia, and other diseases, through long-term health monitoring.
Limitations
The National Health Insurance Research Database (NHIRD) does not provide information about the demographics and lifestyles of patients, such as their education level, diet, smoking status, and exercise habits. However, differences in these factors may increase the risk of stroke. Therefore, we considered risk factors such as high blood hyperglycemia, hyperglycemia, DM, CAD, obesity, COPD, asthma, and lung cancer, in order to further verify the risk factors for stroke among nurses. We could not obtain data regarding the working hours or the level of stress at work, and the correlation between stroke and high stress levels and that between stroke and long working hours remains unclear. Future research could elucidate this correlation.
Conclusions
In this matched cohort study, we used the data from the NHIRD to compare the risk of ischemic and hemorrhagic stroke, between nurses and controls. The results indicate a lower risk of ischemic stroke and hemorrhagic stroke in nurses than in the controls; our sample size was sufficiently large to be representative of the population of Taiwan, and the adjusted odds ratio was 0.68 and 0.59, which was significantly different between the nurses and the controls. Compared with the controls, perhaps because nurses have higher levels of medical knowledge, they can apply such knowledge to maintain healthy lifestyles, which may help reduce the risk of stroke. Moreover, the frequency of health examination is higher in health care professionals than in the controls, and this might be one of the main reasons for preventing the advancement of chronic diseases to stroke. The study has implications for health care policies in Taiwan. Specifically, health care institutions may benefit from educating the population about stroke prevention and improving their health consciousness. Increasing public awareness about stroke prevention and planning more frequent physical examinations can enable enhancing the health and well-being of people. -2321-B-039-005-) ;the Tseng-Lien Lin Foundation, Taichung, Taiwan; and the Katsuzo and Kiyo Aoshima Memorial Funds, Japan. The funders had no role in the study design, data collection and analysis, publication decision, or manuscript drafting. No additional external funding was received for this study.
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